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Calibration systems for the ANTARES neutrino telescope

J. E. McMillan on behalf of the ANTARES collaboration
Department of Physics and Astronomy, University of Sheffield, Hounsfield Road, Sheffield, S3 7RH, Great Britain.

Abstract. The ANTARES collaboration aims to deploy a Cherenkov photons produced by the muons. This reconstruc-
0.1kn? neutrino telescope in the Mediterranean sea by 2004tion of muon tracks is based on precise measurements (
Neutrinos will be detected through the muons produced inns) of the arrival times of the Cherenkov photons at the opti-
their interaction with the surrounding matter. The muon tra-cal modules. This reconstruction requires knowledge of the
jectory can in turn be reconstructed from the arrival time positions of the optical modules relative to each other, or
at the detector photomultipliers of the Cherenkov photonsmore practically with respect to fixed reference points such
produced by the muons. In order to provide the best possias the detector string anchors. The precision of this spa-
ble angular resolution for astronomy a number of calibrationtial positioning should be better than the uncertainty of the
technigues will be employed. These include acoustic sysCherenkov light detection (1ns is equivalent to 22cm of light
tems, LED pulsers within the photomultiplier optical mod- path in water). It is intended to measure the relative posi-
ules, brighter omnidirectional LED beacons and a laser beation of each optical module to an accuracy of 10-20cm using
con. These systems, developed within the ANTARES col-acoustic measurements and tiltmeter-compasses.
laboration, are reviewed and their capabilities described. Relative time calibration of the optical modules is obtained
from measurements of the arrival time of short intense light
pulses produced by Optical Beacons and a Laser Beacon.
These light pulses can also be used to monitor the light atten-
uation in water as well as for the optical module efficiency
calibration. Furthermore, the Laser Beacon located at the
ploy a 0.1knt neutrino telescope in the Mediterranean seapOttom ofth_e Insftrunjentation Line, provides sub-nanosecond
' light pulses illuminating more than half of the detector. These

by 2004. The telescope will consist of an array of flexible . . o
, . .~ pulses can be used to monitor the light scattering in sea water
detector strings moored on the seabed, each string having @

total of 90 Optical Modules (Antares, 1999). These optical anld te;;.tt he riﬁor;st:uc:mn Olf.s f|;<'ed pomésgurce. dbvth
modules are glass pressure spheres containing photomultf(—n haddition, the detector calibration can be improved by the

pliers (Amram, 2001) which are held three to a storey on an ow!edge of oceanograph|c_ quantities, S.UCh as the sound
optical module frame as shown in figure 1. Certain of thevelocny, the water flow velocity and direction, the temper-

strings have additional instrumentation to measure environ2ture and salinity of the sea water surrounding the detector.

mental parameters, while a dedicated string, known as th G he 'IM.\IT'?RES Itn?trumentgtlgrl Line cadrrlesdspemftlc at?]dl'
“Instrumentation Line” is built with specific instruments to lonal Instrumentation needed 1o record and monitor these

provide more precise measurements and monitoring. Muctflu@ntties.
experience has been gained from a prototype string known

as the “demonstrator” which was deployed for eight months ) o
starting November 1999. 2 Detector relative positioning

Neutrinos will be detected in the ANTARES telescope via . e : .
the muons produced in their interaction with the surround-The relative positioning O.f the dete'ctor is obtained from two
ing matter. The muon trajectory can in turn be reconstruc'[et{me'[)emlent systems. Firstly, a High Frequency Long Base
from the arrival time at the detector photomultipliers of the

1 Introduction

The ANTARES collaboration (Antares, 2001) aims to de-

ine (HFLBL) acoustic system gives the 3D position of re-

ceiving hydrophones attached along the detector lines. Sec-
Correspondence tal. E. McMillan ondly, a set of tiltmeter-compass sensors gives the local tilt
(j.e.mcmillan@sheffield.ac.uk) angles of each optical module storey with respect to the hor-
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gulation from the travel times between the hydrophone and
each fixed emitter. These fixed acoustic beacons must also be
able to receive an acoustic signal in order to determine their
own spatial position with respect to the other string anchors.

The acoustic positioning system has been designed to in-
corporate the four existing autonomous transponders built for
the positioning of the demonstrator string. These transpon-
ders will continue to be used for the detector positioning
when it consists of only a few strings, as well as to improve
the quality of the acoustic triangulation of the final detector,
if necessary.

The acoustic transponders are currently autonomous emit-
ter/receiver beacons powered by batteries and fixed on pyra-
midal structures anchored to the seabed. The four transpon-
ders are installed at the corners of a 300m by 300m square
around the detector. The transponders can be recovered by
activating an acoustic release which separates the pyramidal
structure from its anchor base. Measurements between all
transponder pairs allow their relative positions to be deter-
mined by triangulation.

The conversion of acoustic signal travel time measurements
to precise distances requires an accurate knowledge of the
sound velocity within the detector, and some additional in-
strumentation is added to the system to provide this. In sea-
water, the sound velocity depends on the temperature, the
salinity and the pressure. The standard model used to deter-
] ] ) ] mine the sound velocity in seawater according to these quan-
Fig. 1. Frame carrying three optical modules and an optical beacorhtieS is that of Chen and Millero (1977)

In order to measure the sound velocity and its variation,

) _ . ) _ . the detector is equipped with five sound velocimeters placed
izontal plane (pitch and roll), as well as its orientation with o yitterent locations along the detector strings. The sound
respect to the terrestrial magnetic field. The exact shape O\f/elocimeter used, a model developed by Genisea, gives a di-
each string is reconstructed by performing a global fit basedrect measurement of this quantity by measuring the travel
on the information from these sensors. The relative pOSi'time of an acoustic signal on a fixed length of about 20 cm.

tions of the optical modules are then deduced from this re~rpo measurement is performed with an accuracy of about 5
constructed line shape and from the geometry of the optical., /s after calibration of the device

module frame.

: i Two sound velocimeters are also equipped with additional
Simulations have been performed (Cassol, 1999) to studyonductivity-Temperature-Depth(pressure) probes to provide
the performance of the positioning system for various con-g, jndependent measurement of the sound velocity, accord-
figurations of the detector calibration equipment (number Ofing to the Chen and Millero (1977) model, and also to obtain
acoustic sensors and tiltmeters, locations, precision of senyn estimation of the salinity (determined from the conduc-
sors, missing sensors), as well as for different values of thity and temperature measurements) and temperature gra-
sea water current or of the detector string twist as a functioryjents within the detector.
of the vertical position on the string. This work shows that 1o performance of the system used on the demonstrator
a spatial positioning of all optical modules with an accuracy string was found to be much better than originally specified.
~ 10cm is attained, even for a sea water current as strong a$he precision of individual distance measurements is better
15cm/s. than 1cm, while the accuracy on the 3D positions of the hy-
. o drophones obtained by triangulation is 1-3cm. A prelimi-
2.1 Acoustic positioning system nary description of these results can be found in (Benhamou,

_ _ . _2000) and a full report is in preparation.
The system is an evolution of a prototype acoustic position-

ing system developed by the Genisea company for the relaz.2  Tiltmeter and magnetic compass

tive positioning of the ANTARES demonstrator string. The

technique used is to measure the travel time of 40-60 kHZComplementary to the acoustic positioning system, tiltmeters
acoustic pulses between receiving hydrophones placed alongnd compasses are necessary for the line shape reconstruc-
the string and emitters fixed at the bottom of each line. Thetion as well as for measuring the optical module orientations.
3D position of each hydrophone is then obtained by trian-The orientation around the vertical of the three optical mod-
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ules of a storey is used to determine the geometrical likeli- The chosen light source is a blue LED driven by a pulser
hood of the reconstructed muon trajectory. To obtain this in-circuit based on an original design from (Kapustinsky, 1985),
formation, each optical module frame is equipped with a bi-adapted for use with the most recent blue LEDs and modified
axial tiltmeter giving the pitch and roll angles and a magneticto reduce electrical interference with adjacent circuits. Us-
compass to determine the direction of the terrestrial maging Agilent HLMP-CB15 LEDs, the pulse risetime (10% to
netic field. The system chosen is the TCM2 manufacturedd0%) of 2.0ns and a width (FWHM) of between 4.5ns and
by Precision Navigation Inc, which comprises a small elec-6.5ns (depending on pulse amplitude) has been measured us-
tronic board integrating a biaxial tiltmeter and a 3-axis flux- ing the single photon technique (Bollinger, 1961).
gate magnetometer. The signals from the sensors are digi- This circuit has the required timing properties, but the light
tised by an ADC and delivered on a serial link to the slow pulse generated has a high intensity: ud®d photons per
control. pulse. Mechanical reduction of the pulse intensity is there-
fore necessary and this is obtained in two steps. The LED is
encapsulated in a black cap with a tiny pinhole drilled on the
3 Relative time calibration side of the cap to select a small fraction of the emitted light.
The system is then installed on the rear part of the photomul-
In addition to the relative positioning of the optical modules, tiplier, and the photocathode is illuminated through the thin
the reconstruction of the muon tracks depends on the relativaluminised layer deposited on the rear part of the bulb, which
timing of each phototube signal with respect to others. Theserves as an additional neutral density filter. This method has
goal is to achieve a timing calibration with an accuracy of two advantages: the absence of a shadowing effect on the
~ 0.5ns in order to avoid degradation of the precision of the photocathode and a simple mechanical implementation.
Cherenkov light arrival measurements (ns) given by the
photomultiplier. 3.2 Optical beacons
The relative timing calibration is performed using three
independent and complementary systems; the internal clocKontecarlo studies (Navas, 2000) have shown that LED pul-
calibration, the photomultiplier transit time calibration and sers of the type used in the optical modules are sufficient
the detector relative time offset calibration. The internal clockto illuminate neighbouring strings at the few photoelectron
calibration is performed by the clock distribution system by level and thus calibrate the timing of the ANTARES tele-
measuring the clock signal transit time between the on-shor&cope to the required accuracy of sub-0.5 ns. For inter-string
Master Clock and each local clock board. The PMT transitand inter-storey calibration it is desirable to have pulsed light
time calibration measures the transit times of every opticalsources that are not located within the optical modules, and
module by firing the internal LED included in each Optical this inspired the concept of separate, dedicated LED based
Module and by measuring the detection time of the photonsoptical beacons, each contained in its own pressure-resistant
The detector relative time offset calibration is obtained by vessel.
measuring the relative detection times at many optical mod- Such optical beacons, based on many LED pulsers simul-
ules of photons originating from a single point in the detec-taneously triggered are intended to be omnidirectional, at
tor. An intense light pulse is generated by one of the twoleast in the horizontal plane. It has been found experimen-
complementary types of beacon. Firstly, Optical Beacondally that triggering many of these LED pulsers simultane-
fixed to the Optical Module Frames, which illuminate 8-10 ously results in a light pulse which is not significantly de-
storeys of each neighbouring string. Each detector string igraded in terms of time characteristics from that produced
equipped with four Optical Beacons. Secondly, a Laser Beaby a single pulser. By switching the number of LEDs pulsed
con fixed on the bottom of the Instrumentation Line, illumi- and by controlling the intensity of the invidual pulsers, a fac-
nating a large part of the bottom half of the detector strings.tor of approximately 80 in the amount of light produced by
It offers an important redundancy for the calibration of the the beacon per pulse is attainable. This provides less intense
Optical Modules located on the first storeys of every stringlight pulses for timing calibration measurements and more
which are less illuminated by the Optical Beacons. intense light pulses for studies of the optical properties of
A global fit of the position and timeof the beacon flashes the surrounding water. There will be a total of four optical
can also be performed to give an independent cross-check dfeéacons on each detector string.

the relative positioning and timing calibrations. The current design consists of six faces arranged as a hexag-
onal cylinder, mounted within a cylindrical glass pressure
3.1 LED pulsers in optical modules vessel (Nautilus Marine Service). Each face of the beacon

has six LEDs, five facing radially outward and the sixth fac-
Photomultiplier average transit time will be measured in theing upward to illuminate the string above the optical beacon.
laboratory before deployment and subsequently during dat&ach beacon produces betweker 107 and2.9 x 10° pho-
taking. To do this each optical module is furnished with atons per pulse depending on the configuration of LEDs se-
LED pulser (Amram, 2001) giving a few photoelectrons per lected. The light pulse from the beacon has a rise time (10%
pulse. The requirement for jitter in the light source trigger is to 90%) of 2.0ns and a width (FWHM) of between 4.5ns and
< 0.5ns with a drift of < 0.25ns per yeatr. 6.5ns depending on amplitude. The individual faces of the
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storeys of the closest strings.
The laser beacon is triggered from the slow control system

and the actual time of emission of the light flash is given by
the signal from a built-in fast photodiode which is returned
40 nm to the data-aquisiti t
Glos -aquisition system.
Fod G

4 Conclusion

rt— 475 mm —ee

The systems described are expected to provide sufficient ac-
curacy to reconstruct muon tracks in the ANTARES tele-
Dif fser scope and to monitor any important changes in the perfor-
mance of the detectors and the transparency of the seawater.
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